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® New process for preparing chitosan and Its derivatives containing quaternary ammonium groups. 

® Ctiitosan and Its derivatives containing quater- 
nary ammonium groups are prepared by directly 
treating waste material from the processing of anth- 
ropods with saturated steam under pressure In the 
presence of an alkaline agent, purifying the chitosan 
obtained in ttiis manner and subjecting it to a quater- 
nization reaction by treatment with alkylating agents 
containing ammonium groups. 
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NEW PROCESS FOR PREPARING CailTOSAN AND ITS DERIVATIVES CONTAINING QUATERNARY AMMO- 
NIUM GROUPS 



This Invention rolali';; to tliu propatation of 
chitosan and Its derivatives suitable for use as 
dietetic fibre and as hypocholesteremic agents re> 
spectively. 



Prior art 

Processes are known for preparing chitosan 
and its derivattves containing quaternary ammo- 
nium groups starting from antfiropod skeleton resi- 
dues 

Chitosan has a known alimentary use as a 
dietetic fibre and Its derivatives a known pharmaco- 
logical use as hypocholesteremic agents. 

The known chitosan preparation processes are 
mostly conducted in heterogeneous phase oiaerat- 
ing generally In the followng manner. 

Skeleton residues of anthropods of various ori- 
gins are firstly ground, then treatKl with hydrochlo- 
ric acid to eliminate inorganic salts, washed, and 
then treated under hot conditions with dilute NaOH 
solutions to eliminate proteins and colouring matter. 

After repeated washing with water and organic 
solvents chitin is obtained, this then being treated 
with a NaOH solution of approximately 40% con- 
centration by weight at a temperature of lOO- 
iao'CforaO-W hours. 

By means of this treatment the chltin is partly 
N-deacetylated to obtain chitosan, which is repeat- 
edly washed. 

The chitosan obtained in ttiis manner has a 
block copolymer structure consisting of irregularly 
distributed N-polyacetylglucosamine and poiy- 
glucosamine sequences in which the non- 
deacetylated macromolecules (about 20%) repre- 
sent difficultly accessible zones. 

The molecular weight of this commercially 
available chitosan generally exceeds 500,000 (M 
= 12-18 dl/g), and for use as a dietetic fibre and a 
raw material for hypocholesteremic derivatives it 
must be further depolymerized with nitrous acid, 
vnth the drawback of a further Increase in the non- 
deacetylated component. 



Summary of the invention 

We have now discovered a new process for the 
preparation of chitosan and Its derivatives contain- 
ing quaternary ammonium groups which has tech- 
nical and commercial advantages compared with 



known processes. 

Said process is characterised in that: 

a) waste material from the processing of 
s anttiropods Is treated directly with saturated steam 

under pressure in the presence of an alkaline 
agent: 

b) the pressure is released instantaneously; 

c) the solid part consisting of chitosan and 
w inorganic salts is recovered by filtration; 

d) the inorganic salts are eliminated by add- 
ing an acid solution, followed by neutralization with 
a basic solution and washing with water; 

e) if desired, the chitosan can be subjected 
IS to a quaternization reaction by treatment with al- 
kylating agents containing ammonium groups. 

In a single step (step a), this process enables a 
type of ciiitosan to be obtained v/hich is completely 
doacetylated and has a large spocific surface such 
20 as to completely satisfy the requirements for use 
as dietetic fibre and as raw materia! for the prep- 
aration of derivatives containing ammonium groups 
for use as hypocholesteremic agents. 

26 

Detailed description of the Invention 

The characteristics and advantages of the pro- 
cess according to the present invention will be 
30 apparent from the following detailed description. 

The raw material used consists of shells deriv- 
ing from the processing of crustaceans, to which 
an aqueous 40-45 vrt% cmistic soda solution or a 
mixture of an aqueous 2-10 vrt% caustic soda 
35 solution and dimethylacetamide in a ratio of be- 
tween 10:90 and 50:50 is added. 

The weight ratio of NaOH to said shells is 
between 0.05 and 1. 

The mixture is treated with saturated steam at 
40 a temperature of between 150'G and 200 'C at a 
pressure of between 15 and 30 bar for a time of 
between 2 and 15 minutes. 

On tennination of this treatment the pressure is 
discharged instantaneously. 
45 We have found that the described treatment 
produces complete disgregation of the starting ma- 
terial, complete depolymerization of the protein 
component, degradation of the colouring matter 
and N-deacetylation and depolymerization of the 
50 chitosan. 

This complete N-deacetylation together with 
the instantaneous depressurization of the reactor 
results in a substantial chemical and morphological 
modification to the chitosan, making It extremely 
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reacttve both in interaction wilii mixofl micciiai sys- 
tems <c»n^8Ung of tjil'; salt;., tativ acicis, mon- 
oglycerides. lecithin; ..■ > > tul) an-in 

derivative-formation v.: f; , 

The mixture obtaim:ii iiy llio doscribed treat- 
ment Is filtered to eliminate tti© liquid part, the solid 
pert then being washed with acid, neutralized by 
alkaline freattnent and washed firstly with water and 
then with methanol. 

In this manner the Inorganic salts and degrada- 
tion products are completely eliminated. 

The chitosari obtained has the following char- 
acteristics: 

- molecular weight between 20,000 and 100.000 

- degree of crysteliinity less than 40% 

- acetyl group content less than 6% 

• sp^c surface (expressed as water retention 
value) greater than 80 cm^/g. 

This type of chltosan Is particularly suitable for 
use as dietetic fibre and In the quaternlzation reac- 
tion, this being effected by troatmont with alkylch- 
lorldes or with dialkylsulphates or with epoxy com- 
pounds containing ammonium groups. 

The quaternlzation reaction is preferably effec- 
ted by treating the chitosan wiUi glyddyl- 
trlmeUiylammonium chloride In a reaction medium 
consisting preferably of an 80:20 2-propanol/water 
mixture, or dimethylacetamide. 

The reaction is conducted at a temperature of 
between 70 °C and 180°C for a time of between 
15 minutes and 10 hours. 

The weight ratio of the chitosan to glycidyl- 
trlmettiylammonium chloride used In ttie reaction is 
between 1:2 and 1-.3. 

On terminaUon of the reaction tfie mixture Is 
filtered and ttie quaternized derivative is washed 
with methanol and dried under vacuum. 

The derivatives obtained have the following 
characteristics: 

- molecular weight between 20,000 and 100,000 

- degree of crystallinity less than 30% 

- acetyl group content less than 5% 

- degree of substituUon with ammonium groups 
between 1^and2 

- specific surface (expressed as water retention 

value) greater than 80 cm^/g. 

The derivatives obtained are able to capture 
large quantities of bile salts in a very short time 
and have high hypocholesteremic activity. 

Other batch or continuous plants can be used 
In implementing the process of the present inven- 
tion. 

In general, autoclaves of any type can be used, 
but they must be able to discharge the pressure 
within a very short time to allow not only a high 
level of N-deacetylation of the chitin but also its 
morphological modification. 

By virtue of their characteristics the chitosan 



iiml lis dniivativus ;u.coi(liriy to ttm invention can 
be formulated with axcipicnts nomially used In the 
pharmaceutical field to obtain pliaimaajutical com- 
positions for use as diotoUc fil.ro and as hypo- 
f; cholesteiomic agents respoctivoly. 

The following examples are given to illustrate 
Iho process ol tlie present invention. 



10 EXAMPLE 1 

15ko of sholls originating from the proces^ng 
of crustaceans and previously Impregnated with 40 
litres of a 42% (w/w) NaOH solution are fed Into a 

j§ 400 litre autoclave. 

Saturated steam at a temperature of 180* C is 
then introduced, the material is allowed to react for 
6 minutes and Is then discharged within a period of 
2 seconds Into a collection vessel. 

20 After filtration, the residue is washed with 1 N 
HCI, neutralized with 0.1 N NaOH and then wastied 
with water and methanol. 1.5 kg of product are 
obtained having the following physico-chemical 
characterlsUcs: 

26 W of the 0.1 N OH3COOHA).2 N NaCI solution = 
1.5 dl/g, content of acetyl groups (determined by 
^H-NMR) = 3.2%, specific surface (determined as 
water retention value) = 100 cm'/g. 

The chitosan obtained (1.0 kg) was dispersed 

30 in a 2-propanol:water (80:20) mixture after which 
2.5 kg of glycidyltrimethylammonium chloride were 
added and the mixture heated to 80 ' C for 8 hours. 

After cooling, the product was filtered off, 
washed with metiianol and then dried. The degree 

36 of substitution determined by 'H-NMR was 1 .6. 



EXAMPLE 2 

40 15kg of crustacean shells are fed Into a 400 
litre autoclave followed by 50 litres of DMAc 
(dimetylacetamlde). 25 litres of N NaOH solution 
(4% w/w) are added to the mixtijre after which tiie 
reaction environment temperature is raised to 

45 170* C by means of saturated steam. After a resi- 
dence time of 20 minutes the material is dis- 
charged within a period of 2 seconds into a collec- 
tion vessel. After filtration, the residue Is washed 
witti water, neutralized with 0.1 N NaOH and then 

so washed witii water followed by methanol. 1.3 kg of 
product are obtained having the following physico- 
chemical characteristics: 

h] of the 0.1 N CH3COOH/O.2 N NaCI solution = 
1.0 dl/g, content of acetyl groups (determined by 
ss ^H-NMR) = 1.5%. specific surface = 110 an%. 

The material (1.0 kg) is impregnated with a 
solution of glycldyHrimetitylammonium chioiide (2.5 
kg) in DMAc (2 1) and fed into the autoclave in 
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which the chitosan preparation wa:. (:uii(lu(.ii.'(l. IIk; 
mixture is raised to 150* C with saturated stoam 
and the reaction cmducted for 10 minutes. 

After axfllng, the product wa» recovered by 
filtration, washed with methanol and then dried. 

The degree of subsMtaUon determined by 'H- 
NMR W88 1.8. 



Claims 

1. A process for preparing chitosan and its 
derlvaflves containing quaternary ammonium 
groups, chsracterlsed in that: 

a) waste material from the processing of 
anthropods is treated directly with saturated steam 
under pressure In the presence of an allsaline 
agent 

b) the pressure Is released instantaneously; 

c) the solid part consisting of chitosan and 
inorganic salts is recovered by filtration; 

d) the inorganic salts are eliminated by add- 
ing an add solution, followed by neutralization with 
a basic soiufim and washing writh water; 

6) the chitosan can be subjected to a quater- 
nlEaUon reaction by treatment with alkylating 
agents containing ammonium groups. 

2. A process as claimed in claim 1, charac- 
terised in that said alkaline agent is a 40-45% (w/w) 
aqueous caustic soda solution. 

3. A process as claimed in claim 1, charac- 
terised In that said alkaline agent is a 2-10% (w/w) 
aqueous caustic soda solution mixed with 
dimethylacetamlde. 

4. A process as claimed in claims 1 to 3, 
characterised in that the ratio of NaOH to said 
waste material from the processing of anthropods 
is between 0.05:1 and 1.0:1. 

5. A process as claimed In claim 1, charac- 
terised In that said treatment with saturated steam 
Is conducted at a temperature of between ISO'C 
and 200* C at a pressure of tetween 15 and 30 bar 
for a time of between 2 and 15 minutes. 

6. A process as claimed in claim 1, charac- 
terised in that said quaternization reaction is con- 
ducted by treating the chitosan with alkylchiorides 
or with dialkylsulphates or with epoxy compounds 
containing ammonium groups. 

7. A process as claimed in claim 6, charac- 
terised in that said quaternization reaction is con- 
ducted by treating the chitosan with glyddyl- 
trimethylammonium chloride in a reaction medium 
consisting of an 80:20 2-propanol/water mixture or 
dimethylacetamlde at a temperature of between 
70*Candia)*C. 

8. A prcx:ess as claimed in claim 7, charac- 
terised In that the weight ratio of the chitosan to the 
glycldyltrimethylammonium chloride used In the re- 



ticlioii is botwoon \ 2 iiiid 1:3. 

9, Chitosan having a motcnil.ii wi^ijjijt of bn- 

tween 20,000 and 100,000, a dc ; ■ ;v:.t,.l:i!ii!,' 

of less than 40%, a cwtent of an-.v/l ijumpr, nl k-r.:; 

6 than 5%, and a specific surtaa-, uxprtisHt-d as; 
water retention value, of greater than 80 cm^ig. 

10, Chitosan derivatives containing quaternary 
ammonium groups and having a molecular weight 
of belwepn 20,000 and 100,000. a dcgrcjo of 

70 ciyslallinity of lev, th.m 30<;„, a roiitciit of ncc\y\ 
groups of loss Ihnn 5%, a dcgioc of substilulion 
with ammoniutri groups compnsod botwoon l.b 
and 2, and a specific surface, expressed as water 
retenflon value, of greater than 80 cm^/g. 

IS 11. Pharmaceutical compositions comprising 
the chitosan claimed in claim 9, for use as dietetic 
fibre. 

12. Pharmaceutical compositions comprising 

the chitosan derivatives claimed in claim 10, for 

i'o USD as tiypochol3stf)romic agents. 

CLAIMS FOR THE CONTRACTING STATES: 
GREECE AND SPAIN 

25 1. A process for preparing chitosan and its 
derivatives containing quaternary ammonium 
groups, characterised in that: 

a) waste material from the processing of 
anthropods is treated directly with saturated steam 

30 under pressure in the presence of an alkaline 
agent; 

b) the pressure is released instantaneously; 

c) the solid part consisting of chitosan and 
inorganic salts is recovered by filtration; 

35 d) the inorganic salts are eliminated by add- 

ing an acid solution, followed by neutralization with 
a basic solution and washing with water; 

e) tiie chitosan can be subjected to a quater- 
nization reaction by treatment with alkylating 

40 agents containing ammonium groups. 

2. A process as claimed in claim 1, charac- 
terised in that said alkaline agent is a 40-45% (w/w) 
aqueous caustic soda solution. 

3. A process as claimed in claim 1, charao- 
45 terlsed In that said alkaline agent is a 2-10% (w/w) 

aqueous caustic soda solution mixed with 
dimethylacetamide. 

4. A process as claimed in claim 1 to 3, 
chararterised in that the ratio of NaOH to said 

60 waste material from the processing of anttiropods 
is between 0.05:1 and 1.0:1. 

5. A process as claimed in claim 1, charac- 
terised In that said treatment with saturated steam 
is conducted at a temperature of between 150"C 

55 and 200 ■ 0 at a pressure of between 1 5 and 30 bar 
for a time of between 2 and 15 minutes. 

6. A process as claimed in claim 1. charac- 
terised in that said quatemization reaction is con- 
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ducted by troalmii tlio chiioyan witii alkylchtorides 
or witti diaikylsulphatos or wiih epoxy compounds 
containing ammonium groups. 

7. A process as cislmed in claim 6, charac- 
terised In that said quatemlzatlon reaction is con- e 
eimUsti by troating ttie chitosan with glycidyl- 
Irirnaihylnftiinonium chlorid* in a reaction medium 
consisting ol an 80:20 S-propanolMator mixture or 
dimathylacetamido at a temperature of between 
70'Cand 180"C. JO 

8. A process as claimed in claim 7, charac- 
terised in ttiat the weight ratio of the chitosan to the 
glycidyltrimethylammonium chloride used In the re- 
acfion Is between 1:2 and 1:3. 
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